FBPase* from Saccharomyces cerevisiae is a highly regulated enzyme. Repression of its synthesis by sugars (Gancedo et al., 1967) and allosteric inhibition by AMP (Gancedo et al., 1965) have been documented. Moreover, glucose can inactivate the enzyme. In certain conditions the loss of enzymic activity is paralleled by a loss of cross-reacting material against FBPase antibodies (Funayama et al., 1980) . In other conditions a very rapid inactivation is observed (about 50% loss of enzyme activity in 3min; Lenz & Hozer, 1980) without loss of antigenicity (Tortora et al., 1981) . We have shown that in this case a phosphorylation of the enzyme occurs (Mazon et al., 1981 (Mazon et al., , 1982 . This result has been confirmed by others (Miiller & Holzer, 1981) .
Nothing is known, however, of the signal that triggers phosphorylation. To gain some insight on this point, the conditions in which the rapid inactivation occurs have been studied. The action of other agents on inactivation and phosphorylation has also been explored. Some kinetic characteristics of the active and inactivated forms of FBPase have been compared.
Rapid inactivation of FBPase in yeast grown on direrent media
The rapid inactivation of FBPase reported by Lenz & Holzer (1980) was observed in yeast grown on a rich medium with glucose. Since we had never observed such inactivation in yeast Abbreviation : FBPase, fructose bisphosphatase (EC 3.1.3.1 1). Table I . Rapid inactivation of FBPase from S . cerevisiae grown on direrent media S . cerevisiae X2180 was grown on the nitrogen and carbon sources indicated. When glucose was used, cells were harvested in late stationary phase to allow derepression of FBPase. Inactivation was triggered by adding glucose (final concn. 2%. w/v) to a 2% suspension of the yeast in 0.1 M-4-morpholineethanesulphonic acid, pH 6, and 3 min after the addition of glucose the cells were harvested and activity was measured. The values are means for at least two different cultures.
Nitrogen < 10 -grown on a mineral medium with ethanol, we suspected that differences in experimental conditions could account for the discrepancy. To test this idea, the rapid inactivation was measured in yeast grown on several media with both the nitrogen and the carbon sources varied. As shown in Table 1 , inactivation occurred to about the same extent with glutamate, urea or peptone as nitrogen sources independently of the carbon source used. However, growth on NH,Cl/ethanol resulted in a marked decrease in the extent of the rapid inactivation. It was not possible to test the inactivation in NH,Cl/glucose medium because derepression of FBPase was very poor in these conditions. It may be concluded that the enzymic equipment involved in the inactivation process, or FBPase itself, is changed by the growth conditions. It appears that the regulation of an enzyme of carbon metabolism may be affected by the nitrogen metabolism.
Effect of uncouplers on the inactivation
To test if FBPase inactivation was energy-dependent, the effect of several inhibitors of energy production was tested: 2,4-dinitrophenol, carbonyl cyanide m-chlorophenylhydrazone and cyanide did not interfere with the glucose-induced inactivation. Unexpectedly, control experiments showed that uncouplers could trigger FBPase inactivation, in the absence of glucose. As with glucose, inactivation was accompanied by phosphorylation of the enzyme. Since these compounds also de-energize the plasma membrane, it can be considered that phosphorylation is mediated by some signal at the level of the yeast membrane.
Parallelism between inactivation and phosphorylation
The correlation observed between inactivation and phosphorylation of FBPase suggests that the phosphorylated FBPase is less active than the non-phosphorylated enzyme, although it does not prove it. It has been found, for instance, that in liver glucagon produces both phosphorylation and inactivation of phosphofructokinase, but that inactivation is caused not by phosphorylation itself but by removal of a positive effector, fructose 2,6-bisphosphate (Van Schaftingen et al..
1980)
. To see if the decrease in FBPase activity could be due to the formation of an inhibitor (or removal of an activator). the extracts were passed through Sephadex G-25. No changes in activity were observed. That would mean that phosphorylation itself is responsible for the change in activity or alternatively that the postulated inhibitor or inhibitors are very tightly bound to the phosphorylated enzyme.
An attempt has also been made to correlate FBPase activity with its degree of phosphorylation. Inactivated enzyme can be reactivated in vitro by incubation in the presence of Mg2+ ions (Mazon et al., 1982) . Re-activation and dephosphorylation were followed with time, as shown in Fig. 1 . It was observed that re-activation was already complete after 2 h, when the enzyme still retained about 40% of its initial radioactivity. Similar observations have been made for other phosphorylated enzymes (Beg ef al., 1978) , and could indicate that at least some of the 600th MEETING, OXFORD at different times and immunoprecipitated as previously described (Funayama et al., 1980) . The immunoprecipitates were subjected to sodium dedecyl sulphate polyacrylamide-gel electrophoresis and the radioactivity in the FBPase band was measured (0) as described by Mazon et al. (1982) .
phosphate covalently bound to the enzyme has no effect on activity. Another possibility that at present cannot be excluded is that dephosphorylation is due not to the action of a protein phosphatase but to limited proteolysis. In this case the re-activated enzyme would not be identical with the native FBPase and could have a different specific activity.
Some kinetic properties of the active and inactivated forms of yeast FBPase
The decrease in FBPase activity observed after glucose addition could be due to the total inactivation of a fraction of the FBPase molecules or to the partial inactivation of most of the enzyme. To decide between the alternatives, we have looked for differences in easily observable kinetic parameters between active and inactivated forms of the enzyme. We have studied these properties in crude extracts immediately after their preparation, trying to avoid artifacts introduced by purification (J. M. Gancedo, M. J. Mazon & C. Gancedo, unpublished work).
As previously noted by Lenz & Holzer (1980) , we found that the active form is more active with Mg2+ than with Mn2+, whereas the reverse is true for the inactivated form. The ratio of activities assayed with 2 mM-Mn2+ and 2 mM-Mg2+ increases by a factor of 3 on treatment with glucose.
The inhibition by AMP is also different. At moderate concentrations of AMP ( 5 0 -1 0 0 ,~~) inhibition of the active form is much higher in the presence of Mg2+ than in the presence of Mn2+, whereas inhibition of the inactivated form is slightly higher in the presence of Mn2+.
Fructose 2,dbisphosphate, a compound recently identified and reported to inhibit the FBPase from liver and from Candida utilis (Van Schaftingen & Hers, 19811 , has also been tested with the two forms of yeast FBPase (fructose 2,6-bisphosphate was generously given by E. Van Schaftingen and H. G. Hers, Brussels, Belgium).
Inhibition by fructose 2,6-bisphosphate is highest at low concentrations of fructose 1,6-bisphosphate. It is much more pronounced in the presence of 2 mM-Mg2+ than in the presence of 2 m~-M n~+ .
Differences are also found between the two forms: when Mg2+ is present the inactivated form is less sensitive to fructose 2,6-bisphosphate inhibition than the active form (apparent K , values 0.2 and 0 . 1~~ respectively at O . l m~-fructose 1,6-bisphosphate); when Mn2+ is present the reverse occurs.
Although at 2 m~-M n~+ the addition of ~O,UM-AMP slightly increases the inhibition of both forms by fructose 2,6-bisphosphate, at 2 mM-Mg2+ AMP decreased the inhibition produced by fructose 2,6-bisphosphate on the active enzyme and completely abolished the inhibition of the inactivated PBPase.
From these results it can be concluded that during inactivation a FBPase with different kinetic properties is formed.
At present, studies are required to determine the signal that triggers the phosphorylation of FBPase and to ascertain whether phosphorylation of the enzyme is responsible for the observed inactivation.
